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Abstract  
 
Chitosan is a biopolymer which is biodegradable, biocompatible, non toxic and cationic in 
nature. Due to these interesting properties, it finds advanced applications in sensors, drug delivery vehicle 
and gene therapy etc., In this present work, the biocompatible Al2O3 Nano particles were embedded into 
Chitosan Polymer matrix by ultrasonication route. XRD and FTIR studies confirm the presence of Al2O3 
nanoparticle in the Chitosan polymer matrix. The morphological, optical, electrical properties of the 
polymer nano composite films are carried out by employing scanning electron microscopy (SEM), UV-
Vis, LCR and Impedance studies. 
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1. Introduction 
 In recent decades, ionic conductors like solid polymer electrolytes (SPE) have been received 
more attention due to its wide applications in batteries, fuel cells, super capacitors, sensors etc [1-3]. The 
processability light weight and transparency are the main characteristics of SPE [4]. Non-toxicity, 
biodegradable, biocompatible and ability to cast bio films make Chitosan to be used in industrial devices 
 Chitosan a natural polymer, 1-4 linked 2-amino 2-D glucopyronose, derivative of 
chitin, which is present in the shells of crustaceans, the cuticles of insects and cell walls of fungi[5,6]. The 
high glass transition temperature and high electrical conductivity at room temperature motivated many 
scientists to investigate on Chitosan as a polymer electrolyte [7].  
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Recently, chitosan has been widely studied for use in clinics, drug delivery systems, solid poly 
electrolytes, sensors, surfactants, and membranes on ultrafiltration, reverse osmosis, and evaporation.  
Considerable efforts are especially directed at modifying chitosan to improve its solubility in water [6] 
and other physicochemical properties [3]. At low pH, the positive charge on the NH3 groups influences 
the Chitosan to be cationic polymer electrolyte [6]. Ding et.al reported that gold nano particles doped 
Chitosan films exhibits excellent biocompatible spatial structure and finds applications in cell based 
sensors and also studied the electrochemical behaviour of cells on surface of the films [8]. Winnie et.al 
observed that the conductivity of Chitosan increasing with addition of plasticizer [10]. Cathell et.al 
reported that the Chitosan and thiol Chitosan conjucate thin films can be used as a potential sensor for 
metals in aqueous solutions [9].  
 
2. Experimental 
2.1. Materials 
 
All the chemicals used are of analytical reagent grade. The medium molecular weight Chitosan was 
obtained from central institute of fisheries technology, (ICAR), Kochi, Kerala state, India with degree of 
deactylation of (85%). The Al2O3 nanoparticle and glacial acetic acid were purchased from sigma Aldrich 
Pvt. Ltd.  NaOH were purchased from Merck were used as such without further purification. Double 
distilled water was used for the preparation of aqueous solutions. 
 
2.2. Methods 
 
2 % (w/v) Chitosan solution were prepared by using 0.1M acetic acid solution and dissolved well to 
obtain a homogenous solution. The solution then filtered with whattmann no:1 filter paper.10 wt% of 
Al2O3 nano particles slowly added to the Chitosan solution by ultrasonication method with varying 
sonication period of 15, 30, 45 and 60 minutes. Transparent thin ultrafine polymer nanocomposites 
membranes are obtained by solution casting technique.  The obtained membranes were immersed in 0.1M 
NaOH solution to remove the acidic components of the solvent. Further the membranes were soaked in 
distilled water to remove the residues present in the membranes.  In this present work, the effect of 
sonication on the above mentioned polymer nanocomposites samples were studied. 
 
2.3. Characterization: 
  
XRD studies on thin films were carried out using Bruker D8 advanced X-ray diffractometer with Cu 
K  source of 1.54 Å wavelength. UV Visible spectra of the sonicated films were taken using Lambda 35 
model UV-Vis spectrometer in the range 300nm-1100nm. FTIR of each Chitosan/Al2O3 bio polymer 
nanocomposites films were subjected by a Perklin Elmer make spectrum RX1 model FTIR spectrometer  
in the range of 400-4000 cm-1.  The dielectric measurements of the samples were carried out with 
temperature range from 50°C to 200°C and the readings are measured using Novocontrol Impedance 
analyser.  The thermal properties are studied using MDSC by TA instruments from 0°C to 200°C.  
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3. Results and Discussion 
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Fig. 1. XRD patterns of sonicated Chitosan/Al2O3 polymer nanocomposite sonicated  films at (a) 15 min 
(b) 30 min (c) 45 min and (d) 60 min  
 
According to Owaga et. al. [10] there are   three crystal polymorphs of semi crystalline Chitosan. 
First, the hydrated crystal structure gives a strong peak at 2  = 10° (or peaks at 8° or 12°). Second, the 
anhydrous crystal structure of Chitosan gives a strong peak at 2  = 15°. Third, the amorphous nature 
gives a broad peak at 2  = 20° [11]. It is generally known that, the structure of Chitosan is strongly 
dependent on its processing treatment, such as dissolving, precipitation and drying as well as its origin 
and characteristics such as degree of deactylation and molecular weight [12]. 
XRD patterns of the sonicated Chitosan- Al2O3 polymer nanocomposites are shown in   figure 1.  
The XRD pattern, shows an increase in  intensity of a sharp peak at 2  = 15° with respect to the increase 
in sonication time. It is evident that there is an increase in the anhydrous crystal structure of the Chitosan 
than the other structures due to the ultrasound irradiation. A broad hump from 2  = 20° to 2  = 40° shows 
the existence of amorphous nature of the Chitosan. This makes one to conclude that Chitosan-Al2O3  
nanocomposite is  semi crystalline in nature [13]. On the other hand, the characteristic peaks of Al2O3 
nano particles are present at 2  = 34°, 45.9° and 67° agree well with the literature [14] and the standard 
JCPDS 10-0173 data. It also confirms the presence of Al2O3 nano particles in the Chitosan polymer 
matrix. 
 
   3.2 FTIR Analysis 
FTIR spectra of the chitosan/Al2O3 polymer nano composite films are shown in figure 2. From 
the spectra a broad hump from 3000 to 3600 cm-1 shows the presence of OH stretching of chitosan. Two 
absorption peaks corresponds to stretching of amide  I (CH-NH-) and amine (NH2) deformation 
vibration of chitosan centered at 1656 cm-1 and cm-1 respectively, are found in the samples.  The major 
absorption peaks of Al2O3 are located at 1627 and 1398 cm-1 in the above spectra [?][x.liu]. An infrared 
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band appears in the region of 850 to 1050 cm-1 assigned to the surface vibrational mode of alumina nano 
particles,  which arises due to the losing of free alumina hydroxyl groups. This confirmed the presence of 
Al2O3 nanoparticles in the polymer nano composite membranes. 
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Fig. 2. FTIR spectra of sonicated Chitosan/Al2O3 polymer nano composite sonicated  films at (a) 15 min 
(b) 30 min  (c) 45 min and (d) 60 min  
  
   3.3 UV-Vis Analysis 
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Fig. 3. UV-Vis- transmission spectra of Chitosan/Al2O3 polymer nano composite films sonicated for (a) 
15 min (b) 30 min (c) 45 min and (d) 60 min 
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Fig. 4. UV-Vis absorption spectra of Chitosan/Al2O3 polymer nano composite films  
(a) 15 min (b) 30 min (c) 45 min and (d) 60 min 
 
1.0 1.5 2.0 2.5 3.0 3.5
0.00E+000
1.00E-008
2.00E-008
3.00E-008
4.00E-008
5.00E-008
6.00E-008
sq
rt 
of
 a
bs
photon energy (eV)  
Fig. 5. Optical band gap determination curve of chitosan Al2O3 polymer nanocomposites 
 
The UV-Vis transmission   and absorption spectra of the chitosan Al2O3 polymer nano 
composite membranes were shown in Fig 3 and Fig 4 respectively. The optical bandgap of the 
2O3 
polymer nano composite  is found to be 2.2 eV and it was observed that an increase in optical band gap 
with respect to increase in sonication period. From the transmission spectra, there is an increase in 
percentage of transmission with an increase in sonication period.  
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  3.4 Dielectric studies  
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Fig. 6. Dielectric permittivity versus temperature  of chitosan Al2O3 polymer nano composite films at (a) 
8 kHz (b) 90 kHz (c) 500 kHz and (d) 3 MHz. 
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Fig.7. Dielectric permittivity versus frequency of chitosan Al2O3 polymer nano composite films for 
various temperatures 
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The conductivity behaviour of the chitosan Al2O3 polymer nano composites can be understood 
from the dielectric studies. Fig. 6 shows the dielectric constant as a function of temperature for various 
frequencies. There is a relaxation process observabl
found in dried chitosan polymer systems [19].  The relaxation process so called  process. Fig. 7 shows 
the variation of dielectric constant as a function of frequency for various temperatures.  The dielectric 
constant increased sharply at low frequencies indicating that electrode ploarization and space charge 
effects have occurred confirming Non-Debye dependence [19]. On the other hand, at high frequencies 
periodic reversal of the electric field occurs so fast that there is no excess ion diffusion in the direction of 
field polarization due to charge accumulation decreases leading to the observed decreases in dielectric 
permittivity and dielectric loss. 
The enhancement of dielectric permittivity may be due to the following reasons: the large scale 
heterogeneity in polymer nano composite is suppressed and the nano composite is replaced by small scale 
heterogeneity. The small scale hetreogeneity is connected to the presence of Al2O3 nano particles which 
increases free volume due to looser segmental packing in chains confined to nano volume [20]. 
 
   3.5 DSC studies:  
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Fig 8. DSC curve  of sonicated Chitosan/Al2O3 polymer nano composite sonicated films  
(a) 15 min (b) 30 min and (c) 45 min films 
 
The DSC curve of the chitosan Al2O3 polymer nano composite membranes are shown in figure 
temperature (TD). It is due to the evaporation of water associated with the hydrophilic groups of the 
polymers and responsible for the strength of water-polymer interaction [21]. The TD value obtained for 
chitosan is slightly increases with the increase in sonication time period 
 
4. Conclusion 
 
 The biocompatible Al2O3 nanoparticles are embedded in to Chitosan Biopolymer matrix by 
ultrasonication route. From the XRD, the presence of Al2O3 nanoparticles are confirmed.  The particle 
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size of the nano particles are found to be 24 nm from the Scherrer formula. The particle size of the nano 
particles are increases with increase in sonication time.  The chemical finger prints of the Chitosan Al2O3 
polymer nano composites were studies by FTIR and it confirmed the nano particle in the polymer system. 
The absorbance and transmittance of the above samples were studied and it is found that the optical 
transmittance of the samples increases with increase in sonication period. The optical band gap of the 
above samples are measured and found that the optical band gap is increasing with respect to the 
sonication time period. The glass transition temperature of the Chitosan were measured by DSC and the 
value of Tg is increasing with increasing sonication time. The electrical conductivity of the samples were 
studied by the Impedence analysis method. There is a relaxation process occurred at 160°C and it 
increases with increase in sonication.  
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